
Abstract. Background: Accurate evaluation of the biological
behavior of Gastrointestinal stromal tumor and careful
selection of patients with a high risk for tumor recurrence are
necessary. In the present study, we analyzed prognostic factors
in patients with GIST. Patients and Methods: A total of 214
patients who had undergone curative resection of a localized
primary gastric GIST without adjuvant therapy were enrolled
in this retrospective study. Prognostic factors were analyzed.
The growth pattern was classified as intramural, endoluminal,
exoluminal, or mixed- type. Results: On univariate and
multivariate analyses, recurrence was predicted by exoluminal
or mixed-type (hazard ratio [HR]=3.7, p=0.043), tumor size
of >3.5 cm (HR=7.1, p=0.01), and mitotic rate of >5/50 high-
power fields (HR=7.9, p<0.001). Conclusion: It is suggested
that exoluminal or mixed-type is independently associated with
recurrence of surgically resected gastric GIST in addition to
tumor size and mitotic rate.

Gastrointestinal stromal tumor (GIST) is the most common
type of mesenchymal tumor of the gastrointestinal tract (1).
It commonly contains a mutation in the KIT proto-oncogene
or, less frequently, in platelet-derived growth factor receptor-
alpha (PDGFR-α). GISTs occur at any site along the tubular
gastrointestinal tract from the esophagus to the rectum, but
they are more common in the stomach (60%-70%) (1).
Gastric GIST generally has a more favorable clinical course
than small intestinal GIST; thus, location relates to the
prognosis (2-6). The 5- and 10-year overall survival rates for
patients who undergo curative resection for non-metastatic
primary disease of gastric GIST are 93% and 88%,
respectively (4).

Management at initial diagnosis and treatment of gastric
GIST have been active areas of research during the last 10
years. The gold standard for localized primary gastric
GIST is surgical resection (6, 7). Many gastric GISTs, with
the possible exception of very small (<1 cm) incidentally
found tumors, seem to have the potential to recur after
surgical resection (1, 6, 7). However, risk factors for
recurrence in the liver, peritoneum, and other sites are
unclear.

The aim of the present study was to determine the impact of
clinicopathological factors on recurrence in a series of
surgically resected gastric GISTs treated in Japanese multi-
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Patients and Methods

Patients and diagnosis. Between February 1991 and August 2010,
225 patients underwent potentially curative resection of a localized
primary gastric GIST at the Yokohama Clinical Oncology Group’s
Department of Gastroenterological Surgery, Yokohama City
University Graduate School of Medicine and its affiliated
institutions. All patients with the exception of 11, who underwent
adjuvant treatment, were enrolled.

The diagnosis of GIST was confirmed by positive staining for KIT
(CD117) protein and/or CD34 as assessed by immunohistochemical
staining regardless of myogenic and neurogenic markers,.   None of
the patients received adjuvant treatment. Postoperative follow-up
comprised physical examination, computed tomography, and
gastrointestinal endoscopy.

Analysis of clinicopathologic parameters. The following
clinicopathologic factors were analyzed: sex, age, tumor site, growth
pattern, tumor size, and mitotic rate. The portion of the primary
tumor was classified as upper third (U), middle third (M), or lower
third (L). The macroscopic growth pattern was classified as
intramural, endoluminal, exoluminal, or mixed type according to
Skandalakis’ classification (8). Tumor size was defined by
maximum diameter and classified into two groups: >3.5 and ≤3.5
cm (the median tumor size was 3.5 cm). The mitotic rate was
determined by counting the number of mitotic figures per 50 high-
power fields (HPF) and categorized as ≤5 or >5/50 HPF.
Recurrence-free survival (RFS) was defined as the time from initial
diagnosis to the time of first recurrence or tumor-related death.

Statistical analysis. For statistical analysis, qualitative data are
presented as numbers (%). Continuous variables are expressed as
median with minimum and maximum values. Categorical variables
were compared by the chi-square test. The Kruskal-Wallis test was
used to compare data among more than two groups. Actuarial
Recurrence-free survival (RFS) from the date of surgical resection
was calculated using the Kaplan-Meier method. The relation of
characteristics to outcome was tested by univariate log-rank
analysis. Variables that were significant in univariate analysis were
entered into multivariate analysis. Multivariate analysis was
performed with the Cox proportional hazards regression model. The
SPSS version 18 software (Link or supplier) was used in all
analyses, and the level of significance was set at p<0.05.

Results

Clinicopathological characteristics. Clinicopathological
characteristics of patients are displayed in Table I. The
median age of the patients was 67 years (range=28–90
years), and the ratio of males to females was almost 50:50.
The number of tumor sites was greatest in the upper portion.
The number of patients with an endoluminal or exoluminal
growth pattern was greater than the number of patients with
other growth patterns. The median tumor size was 3.5 cm
(range=0.2–21 cm). Most patients (161, 75%) had a mitotic
rate of ≤5/50 HPF. 

Partial gastrectomy, the most common procedure, was
performed in 184 patients (86%), 33 (18%) of whom
underwent laparoscopic gastrectomy. Two patients underwent
pancreaticoduodenectomy, 2 underwent esophagectomy, 9
underwent distal gastrectomy, 16 underwent proximal
gastrectomy, and 1 underwent total gastrectomy. No
perioperative mortality was observed. Perioperative morbidity
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Figure 1. Recurrence rate according to tumor size, which was classified
with different cut-off values: 2.0, 3.5, 5.0, and 7.0 cm.

Table I. Clinicopathological characteristics of patients with gastric GIST.

Variable Patients
(n=214)

Gender
Men 112 (52%)
Women 102 (48%)

Age (years)
Mean (range), Median 65.1 (28-90), 67

Portion
U 108 (50%)
M 80 (37%)
L 26 (13%)

Macroscopic growth pattern 
Intramural 49 (23%)
Endoluminal 61 (28%)
Exoluminal 71 (33%)
Mixed 33 (16%)

Tumor size
Mean (range), Median, cm 4.1 (0.2-21.0), 3.5

Mitotic rate
<5/50 HPF 161 (75%)
≥5/50 HPF 53 (25%)

GIST: gastrointestinal stromal tumor, HPF: high power fields. U: upper
third, M: middle third, L: lower third.



occurred in 15 patients (7%) and included pancreatic fistula in
5, surgical site infection in 2, anastomotic leakage in 2, ileus
in 1, pneumonia in 1, enteritis in 1, drug eruption in 1,
cholangitis in 1, and hepatic infarction in 1. 

Long-term outcome. At a median follow-up of 3.6 years
after resection of the primary tumor, 188 patients were alive
without disease. Recurrence occurred in 15 patients; 4 died
of this disease, 11 were alive with disease, and 11 died of
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Figure 2. A: Recurrence-free survival based on macroscopic growth pattern. B: Recurrence-free survival based on tumor size. Cut-off value was 3.5 cm.
C: Recurrence-free survival based on mitotic rate. 
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Figure 3. A: Recurrence-free survival according to the NIH criteria; B: Recurrence-free survival according to the modified risk classification in terms
of the NIH criteria. The modified risk classification was defined the risk classification is raised one step when a patient has exoluminal or mixed type.



other causes. The recurrence site included the liver in eight
patients, peritoneum in five, local in one, and bone in one.
The 1-, 2-, and 5-year RFS was 95%, 93%, and 92%,
respectively. 

Sex, age, and tumor site did not predict recurrence. The
recurrence rate was analyzed according to tumor size, which
was classified with different cut-off values: 2.0, 3.5, 5.0, and
7.0 cm (Figure 1). Tumor size was classified into two groups
with each cut-off value and analyzed with univariate
analysis. There were significant differences among 3.5 cm
(p=0.001), 5.0 cm (p<0.001), and 7.0 cm (p<0.001) tumors.
Intraoperative tumor rupture occurred in two patients, and
lymph node metastasis occurred in three patients; there was
no recurrence in any of these five patients. 

On univariate analysis, exoluminal or mixed-type, tumor
size of >3.5 cm, and mitotic rate of >5/50 HPF were
significantly correlated with a poor prognosis (Table II,
Figure 2A-C). 

On multivariate analysis, factors independently associated
with recurrence were exoluminal or mixed-type, tumor size
of >3.5 cm, and mitotic rate of >5/50 HPF (Table II). 

Discussion

This retrospective study evaluated the prognostic factors of
growth pattern for the clinical outcome of patients with
gastric GIST. We demonstrated that macroscopic features
such as exoluminal or mixed-type were negative prognostic
factors, as were tumor size and mitotic rate. To the best of
our knowledge, this is the first report showing that an
exclusive focus on the macroscopic growth pattern in gastric
GIST, which generally has a more favorable clinical course
than does small intestinal GIST, appears to be of significant
prognostic impact only for gastric GIST.

Several large series of completely resected gastric GIST
have identified tumor size and tumor mitotic rate as
prognostic factors, but no information on macroscopic type
was available (9-14). 

The most commonly used scheme to assess the risk of
recurrence is the National Institutes of Health (NIH)
consensus criteria (so-called Fletcher’s criteria), which are
based on primary tumor diameter and mitotic rate per 50
HPF. Tumor size and mitotic rate were used as the sole
parameters for defining eight prognostic categories that were
sub-divided into four risk groups (9). Since it was initially
put forth, the NIH model has been shown to be accurate in
predicting biological characteristics of tumors (15-17). A
second proposed system, offered by the Armed Forces
Institute of Pathology (AFIP) criteria (so-called Miettinen’s
criteria), further differentiates risk based on size, mitotic rate,
and gastric versus non-gastric primary tumors (5, 18-20).
This risk system is distinguished from the NIH system by
taking into consideration the anatomic site of the tumor.
Initially defining the eight prognostic sub-groups based on
size and mitotic rate, Miettinen et al. added the anatomic site
to separate the four risk groups.

Although the size of 5 cm has been adopted as a cut-off
value for defining low versus non-low risk in the NIH and
AFIP systems, univariate and multivariate analyses indicated
that a size of >3.5 cm seemed to be associated with increased
recurrence in this study. A size of 3.5 cm was adopted as a cut-
off value and is smaller than the cut-off value in the NIH and
AFIP systems. Two patients (0.9%) whose tumor size was 3.5
to 5 cm developed recurrence. The mitotic rate is also well-
known to be predictive of recurrence and survival (13, 21). It is
generally considered that <5 mitoses per 50 HPF constitute low
risk (14, 18-20, 22-24). In our study, the risk of recurrence, in
terms of mitotic rate, was similar to that reported previously
(25, 26). A mitotic rate of >5/50 HPF is also significantly
correlated with a poor prognosis. We reconfirmed the
prognostic value of tumor size and mitotic index.

In the present study, exoluminal or mixed-type was
significantly correlated with a poor prognosis by univariate
and multivariate analyses. Some studies reported that patients
with a primary GIST treated for spontaneous tumor rupture
or with rupture that occurred during surgery have a very high
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Table II. Predictors of recurrence after resection of gastric GIST in 214 patients.

Variable No. RFS at RFS at RFS at Univariate Multivariate Hazard ratio
1 year (%) 2 year (%) 5 year (%) p-Value p-Value (95% CI)

Exoluminal or mixed 104 93 89 87 0.013 0.043 3.7
Intramural or endoluminal 110 99 98 96 (1.0-13.1)
Tumor size >3.5 cm 98 94 89 84 0.001 0.01 7.1
Tumor size ≤3.5 cm 116 99 98 98 (1.6-31.5)
Mitotic rate ≥5/50 HPF 53 91 81 79 <0.001 <0.001 7.9
Mitotic rate <5/50 HPF 161 99 98 98 (2.5-24.7)

GIST: Gastrointestinal stromal tumor, RFS: recurrence-free survival, CI: confidence intervals, HPF: high power field.



risk of tumor recurrence (27). A large study recently reported
that large tumor size, high mitotic count, non-gastric
location, and occurrence of rupture are independent adverse
prognostic factors (28). Although there was no recurrence in
patients in whom rupture occurred during surgery, it is
difficult to clarify the relationship between tumor rupture and
prognosis because tumor rupture occurred in only two
patients in this study.

A few studies have examined the macroscopic growth
pattern, but whether recurrence is predicted by the growth
pattern was uncertain (29). Some studies have shown that the
presence of serosal penetration is an adverse prognostic factor
for GIST (30) and that extramural growth is a predictor of
peritoneal recurrence in GIST (31). However, these studies
included not only gastric GIST, but also other primary lesions.
In this study, four out of five patients in whom peritoneal
recurrence occurred had exoluminal or mixed-type tumors.
Therefore, it seems that the exoluminal or mixed-type has a
strong relationship with peritoneal recurrence and results in a
worse prognosis. It is suggested that peritoneal recurrence was
probably induced as a consequence of microscopic serosal
penetration and microscopic rupture. It is likely that such
tumors have minor serosal defects or microscopic tears related
either to spontaneous mobility of the tumors or mobility
caused by surgical manipulation (31). Thus, it is necessary to
be especially careful of recurrence in patients with the
exoluminal or mixed-type, and these patients might be
candidates for adjuvant tyrosine kinase inhibitor therapy. 

Three patients, who were classified as having intermediate
risk according to NIH, experienced recurrence, and all
patients had the exoluminal or mixed type. When a patient
has an exoluminal or mixed type tumor, we recommend that
the risk classification should be raised one step. In terms of
the NIH criteria, all patients who experienced recurrence
were classified as high-risk according to the modified risk
classification (Figure 3A, B). In the future, it is necessary to
confirm the prognostic impact of the macroscopic growth
pattern of GIST in larger prospective studies as the present
study was retrospective in nature.

In conclusion, factors independently associated with
recurrence of gastric GIST were exoluminal or mixed-type, a
tumor size of >3.5 cm, and a mitotic rate of >5/50 HP in
surgically resected primary gastric GISTs in the absence of
therapy with tyrosine kinase inhibitors. It is suggested that
exoluminal or mixed-type is independently associated with
peritoneal recurrence of surgically resected gastric GISTs. It
is necessary to accumulate larger numbers of patients to
establish the prognostic factors of growth patterns.
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